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(54) High temperature sealing material 

(57) Glass composition for use as sealing material 
in fuel cells, comprising a glass matrix with main com- 
ponents consisting of Si0 2 , Al 2 0 3) and one or more 
compounds from group I metal oxides and/or group II 
metal oxides, and a filler material evenly dispersed in 
the matrix, wherein the filler material consists of parti- 
cles of one or more refractive compounds from the 
group: MgO-MgAI 2 0 4 , stabilized zirconia, rare earth 
oxides, (Mg,Ca)Si0 3 , Mg 2 Si0 4) MgSi0 3 , CaSi0 3 , 
CaZr0 3l Th0 2 , Ti0 2 , M ,l AISi 2 O s , where M" = Ca. Sr or 
Ba. 
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BACKGROUND OF THE INVENTION 

. ™ e '™*^™™™ ernS 3 9,ass cm f xMm for use ^ sealing material in fuel cells, preferably in the solid 
oxide fuel cells (SOFC) of the stacked planar type. Typically, such fuel cells are composed of Y-stabilized ZrO, (YSZ) 
^ectrdyte with electrodes and contact layers to the electron conducting plate Interconnect (IC), which makes the series 

£ nn *?™ b TT * ?"* 686 m SeaIings are vrtally important for *e performance, durability and safety opera- 
tion of the fuel cells including the manifold and heat exchanger. 

[0002] The difficulties in providing a suitable sealing material are numerous- 

1300 C which .s the maximum temperature heat treatment of a fuel cell stack, and be resilient in order to take up defor- 
mations, e.g. due to TEC differences between the fuel cell components, and at the same being able to withstand a cer- 
tain overpressure at the operation temperature which require a viscosity of more than 10 5 dPas. S The thermal 
«mr -coefficient (TEC) should be in the range 9-13 - icrtrth order not to initiate cracks in the fuel ce!l m> 
ran Furthermm the sealing material has to be stable over a time span of say 40.000 h without deteriorating crys^ 

IS? 0 " l reaCt, ° nS If 0th6r materiaIS 35 We " 35 ^ the ambient gasses ' atmosphere containing st££ 
methane, hydrogen, carbonmonoxide and carbondioxide or nitrogen and oxygen 

[0004] Glass or glass ceramic seals may fulfil the requirements established above and according to literature quite 
20 a range of potential glasses have been reported: 9 to meraxure quite 

Table 1 

25 SOFC SEALING MATERIALS 

Alkaline oxide silicate glasses 
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• Na 2 0-CaO-Si0 2 

• Li 2 0-ZnO-AI 2 0 3 -Si0 2 and MgO-ZnO-Si0 2 
30 * Alkali-Al 2 0 3 -Si0 2 

• Alkaii-B20 3 -Si0 2 

• Na 2 0-Si0 2 

• Li 2 0-Si0 2 



Mica Glass Ceramics 



• Commercially available mica glass-ceramic 

Alkaline-Earth Oxide Borosilicate/Silicaborate 
Glasses 

• Alkaline-Earth-B^-SiC^ 

• SrO-LaaOs-AlgOa-^Oa-SiOg/SiOg-BsOa 

• BaO-As 2 O3-AI 2 O3-B 2 03-Si0 2 



45 Alkaline-Earth Alumina Silicates 



• Si0 2 based glass-ceramics 

• MgO-AI 2 0 3 -Si0 2 

• CaO-AI 2 0 3 -Si0 2 

^00^ components. The alkali borate glasses have too low TEC and soda-lime glasses too 

K°7~ to^VvZ* ^' as ® co m P osit,ons within the SrO-La.Os-AfeOa-^-SiO, system should be suitable 
Ley, NU Krumpelt, R. Kumar, J.H. Meiser & I. Bloom, 1996, J. Mater. Res., Vol. 11 , No 6, pages 1489-1493) 

iu^? Pr6Sent inVemi ° n iS in ***** t0 the conc,Llsion <* *» authors above based on highly viscous polym- 
ery alkali-alumina-silicate glass seals, which are reluctant to crystallize at elevated temperature. An example of a 
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htghly polymenzed glass is pure S0 2 glass, which has a polymerized 3D network (as the crystalline phase quartz) 
based on S1O4 tetrahedra. where each oxygen ion connects two Si ions (B.E. Warren & Biscoe. 1938. J.Am Ceram 
^1" I V 3dditi0n * 9roup " «* 111 metal ™ des network is broken and the softening point the vis^ 

vscoaty by substituting S.0 2 wrth NaAIOfe (D.C. Boyd & DA Thompson, in Ullmann. Vol. 1 1. page 815). According a 
NaAIS, 3 0 8 mett has a high viscosity of 10*- Ws at 1120'C (H. Rawson. 1967. Academic Press. LorSS3ew 
York, page 89). This melt is assumed to have a 3D network (Si,.,. AJ JO^"' network structure, where xNa + compensate 

^ f«S * D WSC T h6ld 1 °°° C ** meltin 9 P° int "«y «ake years due to the high viSosity(HRaw- 
^S"io^i " SUbtraCti0n * NaAISi0 * Si0 * rt is ****** to two eutectic melting temperatures at 
r ■ « !T e COmposrt,ons: ^S' 0 * : 37.0 : 63.0 wt% and 65.0 : 35 wt%. respectively JjfsXSw 

iST ' - !S£f ^Jf"- ^ SyStem: KA,Si ° 21 a ° 2 ' a " euteCtic P° int <* 990 ±20-C maj be obiined aTaS 
posrtion of KAia0 4 : S,0 2 equal to 32.8 : 67.2 wt% (J.F. Schairer. N.L Bowen. Bull Soc. Geol. Finland 20 74 (W 

l HH!%r J? * , 8 NaA,S L 3 ° 8 S ' aSS iS 7 5 ' 10 ' 6,C1 - « hhih is ,ower ,han 1,16 SOFC components 10.0-13 . 10* 
The TEC of the albrte glass can be increased slightly by addition of NaAI0 2 , whereas a value of 10 4 • lO^K" 1 may be 

^i^I-Sf? 0 " i *!?,? S^" 9 , 3 eBBon "Wition of Na 3 .33AJ 1 . 67 Si s (O.V. Mazurin. M.V. Strertsina & T.P. 
S^l^hva.koskaya Handbook of glass data, part C, page 371 . from K. Hunold & R. BrOckner. 1980a. Glastech Ber 

S to SST^SoU values up t0 more than 12 x 10 ' 6,c1 08,1 be 0btained * further addition 01 Naz ° acco,d: 

STLn ^T? h 0f 8 NaA,Si 3°?+ Na 2° TEC glass for sealing yttria stabilized zirconia is shown in Fig. 

1 . Addition of K 2 0 will have an even higher effect on the TEC. 

[0010] Addition of Na 2 0 and K 2 0 alone will decrease the viscosity and the T n ...„ and T » as illustrated in 
Tabte2forNa2O.whichw.il be necessary for operation temperatures Sow 1000°C 9 



Table 2 





Tg(°C) 


T a (°C) 


1 1.8 Na 2 0-19.4AI 2 0 3 -6a7Si0 2 


786 


910 


17.1 Na 2 CM4.9AI 2 O 3 -68.0SiO 2 


515 


607 


1 1.8 Na 2 0-19.4AI 2 0 3 -68.7Si0 2 +YSZ 


814 


929 



^nLion rrf : T^' CauBe *" inCfeased reacfon rate other <* components and an 

oTKT^ddHi^f^r^i ^ ^'""l' 80 that this solution fe best suited for low operation temperatures^Small amounts 
tiJ?n*TZ ^ ™ ° deCrease * e me,t tem P erat " r « and viscosity. An alternative to the addition of alka- 

5S 2 £ £J7 ea ^ e , 18 to D U5e ,il,ers "* 8 high TEC " nd Harufuji 1992: Ja P anese N ° «w£ 

£ SL^, ^ . ' t^"^^ N ° 623784 ^ thus mert,ons differert of carbon, boron 

r S S !?^° 3 and P °"* , » ° f A)2 ° 3 ' Zr ° 2 " Si0 * M 9°- Y 2°3 CaO and Al. Ag Au and 

^^J^^^S Z ?*«'° 2, M9 °- M 9 A, 2°4 ™Pos*es, (Mg.CaJSiOa. Mg 2 Si0 4 . MgSiC*. CaSiO*. 
CaZrOg and M»AIS t 0 8 . where M" = Ca. Sr and/or Ba (rare earth oxides. e.g. Ce0 2 . Eu 2 0 3 and Thoj I (LfeSfeO, n£ 
be used at temperatures below 1000°C). y i^^^s may 

SSn W a |?^ il L? , . eS be USed as ,i,lere for low temperature operation. A combination of alkali and filler 
addition can be used to obtain optimal TEC, viscosity and the softening point T s . Also addition of small amounts (<wt%) 

i,^ 09 ^ "" h N32 ° C ° mbined "* mmn 01 hi9h TEC f « lere m ^n«J above is a possS^Thi 
JJ'^drtion w,l. reduce the exposed surface of the glass arri thus the evaporation of the more volaflle con^ 

[001 3J Deteriorating reactions may involve: 

or^ ra f ° n | l ma I° CCU [ Under redUCin9 C0ndi,i0n on * e anode *** condensation may take place in other 
areas of the fuel cell system. Apparently this process is slow. 

(2) Volatile sodium and potassium may react with the other fuel cell materials, e.g. the chromite of the interconnec- 
tion plate The evaporation is strongly influenced by the sodium surplus of the glass. For this reason the sealino 
glasses wrth altali/AI-ratios above 1 should only be used in fuel cells with low operation tempera^ ° 
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SUMMARY OF THE INVENTION 
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[0014] According to the invention there is provided a glass composition comprising a glass matrix with main com- 
ponetrts consisting of Si0 2 . AI2O3 and one or more compounds from group I metal oxides, and a filler material evenly 

n^?Ln m^' X ' " he 2 n fiUer ™ ,erial COnS,S,s of P^ aes * one or ™ re Active compounds from the 
r^n^^'^Vf* °* deS ' W^WW* cxjmposrtes. stabilized zirconia. (MgCaJSiOa. M&>Si0 4 . MgSiO, 

SSSS^Si? ** *" M * BW » M = * * * ** kw •enpeie^JaJRa 3 
[OOiq The filler material is added to the sealing glass in order to adjust the thermal expansion coefficient so that 
rtnntohes theTEC of the other parts of the fuel cell in addition the stability of the glass £ be impZStTe Z 

wj&iiy in(7@aS60* 

S2, „I,T"t of composition contain NajO or or both in the amounts as indicated in 

dams 2and 3 .n order to reach an optimum TEC. while at the same fime avoiding too much alkali metal that may react 
with the other materials in the cell stack. y 

[0017] One or more compounds of group II metal oxide may be components of the glass matrix as indicated in claim 

£018] Known glass compositions with main components comprising Si0 2 . AfeOg. and one or more compounds 
nZf^ Z gT °Z °" d8 ' ar8 advanta 9 eous *" ^"9 fuel cells with gas separators of U-Sr/Ca^hCr/V- 
k ^^L 0 "? Ceram ' C ma,erial or a metal alto * e -S- Cr-Fe-Y 2 03 material and with an operating temperature 
above 600-C. * claims 6 and 7. In particular, compositions that within the glass have evenly dispel a ?eSvS 
matenal consisting of particles of one or more compounds from the group: MgO. MgO-Mg^oTcompositrSS 

rTLsm^b^^^ — ^ « «■«" staring 

[0020] The starting material is melted at about 1550-C for one hour in an alumina or platinum crucible The melted 
matenal « then quenched in water, crushed and ground to glass powder with a particle size of S'so ™ Te 
glass powder havmg a TEC of about 75 x 10" 7 /K is then mixed with a filler, e.g. MgO (TEC 130 x 10" 7 /K) witha arain 
size of less than 10-40 um in ratio of 2:3.5 (vol.) in order to obtain a TEC of 1 10 x lO'/K. 

S f in9 J ?™ S 0 ** - by fi " in9 *• mixed powder int0 9 ra P hite form * «°"owed by stamping and 
IS? T** ^f 0 "*' iS Sirtered in 3 <urnace in atmosphere at 750°C J 5 holms and at 



35 Example 1 



[0022] A commercial available feldspar (Si0 2 = 68.4. Al 2 0 3 = 19.1, Fefi» = 0.1. CaO = 2 0 Na,0 = 7 5 - K,0 - 
2.8; melt point 1270-0) is melted at 1550°C in one hour in a or Pt cTuclole. Subsequently the melt is queued" 
mwaterfromlOOO'C.crushedarKfgrourKledto^^minaporceto 

IS^STS 8 TEC * " 75 X 10 * iS ^ •* *• preferred f8ler of <* cin * WO UoSh ? Si 
130 x 10 /K and a grain size of 10-40 urn in a ratio of glass : MgO of 2:3.5 in order to obtain a TEC of 110 x 10'/K 

Qass sealings in the shape of triangular rods are produced by filling the mixed powder into a graphite cast form with E 

« S5„ ^ ?, ? 5 h ° UrS and at 1300 ° C for 2 ^ 7116 P roduced fria "9 ular «*s «y ^ machinS 0 Se 
S d,menS, ° n8 - * *" V,SC0S,ty i8 100 ni 9 h « smal1 a™"* (<5%) 6203 and/or Na 2 0 may be anaZ. 

Example 2 

50 Si^l^ 1 th f commercial «90 mn) is mixed with the calcined (170CTC) 

MgO powder and melted in graphite cast forms above 1 300°C for 5 hours. 

Example 3 

55 [0024] Glass is produced from dried powder of: 

Si0 2 1442,08 g(<1 jim) 
Al 2 0 3 407,84 g (<1 jim) 
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Na 2 C0 3 423.9 g(>1 Mm) 

10025] The powder is mixed in a 5 litre PE bottle with 20-30 mm porcelain balls for 24 hours, The powder is poured 
into AI2O3 crucibles and heated to 1550°C for 2 hours and subsequently quenched from 600°C in tfo. The quenched 
materials thus obtained is crushed to <9 mm grains and grounded in a porcelain mill for 1 7 hours with 20-30 mm sized 
balls to glass powder with a particle size of less than 1 00 jim. 

[0026] The glass powder is then mixed with 50 wt%, Zr0 2 stabilized with 8 mole% Y 2 0 3 spherical 40-60 urn pow- 
der, calcined at 1700°C and poured into a graphite cast form, as described in Example 1, and then sintered at 750°C 
for 5 hours ami at 1 1 25°C for one hour followed by oven cooling. At Fig. 1 the expansion curve is given for this mixture. 

Example 4 

[0027] Glass, produced as in Example 1 or 2, and a filler material (e.g. MgO or yttria stabilized zirconia) are mixed 
by ball milling for 2 hours with a dispersing agent, polyvinytpyrrolidon dissolved in methylethylketon and ethanol. Sub- 
sequently, a binder mixture of polyvinylbutyral, dibutylphtalat, polyethylenglycol. Additol (Hoechst) (dissolved in methyl- 
ethylketon and ethanol) is added and the ball milling is continued for 24 hours. The so-produced slurry is casted onto a 
moving substrate and allowed to dry for 24 hours before removal. 

[0028] The green tapes are cut into the desired dimensions and are applied to the sealing area in the green state. 
The sealing is achieved by a subsequent heat treatment up to 1200°C using a temperature ramp below 50°C/h in the 
range up to 500°C. 

Example 5 

[0029] A composition according to Beall (1 986) (J.H. Simmons, D. R. Uhlmann, G.H Beall (eds.) in 1 982: Advances 
in Ceramics, Vol. 4, page 291, Am. Ceram. Soc.) of: 

Si0 2 38.9 
Al^ 13.7 
MgO 11.0 
SrO 10.1 
BaO 14.0 
MgF 2 12.6 

is produced by mixing the oxide components and MgF 2 in a high intensity vibration mill with Al^ balls. The composi- 
tion is then melted at 1550°C for one hour. The thus produced glass is milky with a TEC of 1 10 x 10' 4 /K according to 
Beall (1986). The glass is rather viscous and did not adhere well to the cell stack material. The adherence to these 
materials can be improved by addition of small amounts (up to 5%) of B 2 0 3 and/or alkaline metals. 

Claims 

1 . A glass composition for use as sealing material in fuel cells, characterized In comprising a glass matrix with main 
components consisting of Si0 2 , Al 2 0 3l and one or more compounds from group I metal oxides and/or group II 
metal oxides, and a f flier material evenly dispersed in the matrix, wherein the filler material consists of particles of 
one or more refractive compounds from the group: Mg0-MgAI 2 0 4 , stabilized zirconia, rare earth oxides, (Mg, 
Ca)Si0 3 , Mg 2 Si0 4 , MgSi0 3 , CaSi0 3t CaZr0 3 , Th0 2l Ti0 2 , M n AiSi 2 0 8 , where M N = Ca, Sr or Ba. 

2. A glass composition according to claim 1 , characterized In that the glass matrix contains Al 2 0 3 and Na 2 0, where 
the stoichiometric molar ratio Al 2 0 3 : Na 2 0 is in the range of 0.1-1 .3. 

3. A glass composition according to claim 1 , characterized in that the glass matrix contains Al 2 0 3 and K 2 O p where 
the stoichiometric molar ratio Al 2 0 3 : K 2 0 is in the range of 0.1 to 1 .3. 

4. A glass composition according to claim 1 including fluorine atoms as partial crystallizer forming a glass ceramic. 

5. A glass composition according to anyone of the preceding claims comprising additionally 0.1-10% of B 2 0 3 . 

6. Use of a glass composition with main components comprising Si0 2 . Al 2 0 3 . and one or more compounds from 
group I metal oxides for sealing fuel cells at an operating temperatures up to 1000°C. 
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Use of a glass composition with main components comprising Si0 2 , Al 2 0 3 , and one or more compounds from 
group II metal oxides for sealing fuel cells at operating temperatures up to 1000°C. 

Use of a glass composition according to claim 5 or 6, characterized In that within the glass there is evenly dis- 
persed a filler material consisting of particles of one or more compounds from the group: MgO-MgAI 2 0 4) stabilized 
zirconia. rare earth oxides. (Mg,Ca)Sj0 3 . Mg 2 Si0 4 , MgSiOs. CaSiOg, CaZr0 3 . Th0 2 , Tr0 2 and f^AISiaOg, where 
M = Ca 2+ , Sr 2 * and/or Ba 2 \ Li 2 Si 2 0 5 may be used as filler at operation temperatures up to 1 000°C and other alka- 
fisilicates at lower temperatures. 
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